Abstract The geodynamic framework of the South China Craton in the Early Paleozoic and Early Mesozoic has been modeled as developing through either oceanic convergence or intracontinental settings. On the basis of an integrated structural, geochemical, zircon U-Pb and Hf isotopic, and mica 40 Ar/ 39 Ar geochronologic study we establish that an intracontinental setting is currently the best fit for the available data. Our results suggest that widespread tectonomagmatic activity involving granite emplacement and mylonitic deformation occurred during two distinct stages:~435-415 Ma and~230-210 Ma. The coeval nature of emplacement of the plutons and their ductile deformation is corroborated by the subparallel orientation of the mylonitic foliation along the pluton margins, gneissose foliation in the middle part of pluton, the magmatic foliation within the plutons, and the schistosity in the surrounding metamorphosed country rocks. Ar furnace step-heating pseudoplateau ages) along an E-W direction. The geological, geochemical, and isotopic signatures likely reflect far-field effects in response to continental assembly events at these times.
Introduction
The Proterozoic formation of the South China Craton, composed of the Yangtze and Cathaysia Blocks (Figure 1) , and its subsequent Phanerozoic history of tectonomagmatic events, is an important component of the tectonic evolution of Asia [W. X. Li et al., 2008 ; Z. X. Li et al., 2008 Li et al., , 2009 Rong et al., 2010; Zhao and Cawood, 2012; Cawood et al., 2013; Zhang and Zheng, 2013; . Assembly of the craton occurred in the Neoproterozoic along a series of accretionary orogens that formed along the boundary between the constituent Yangtze and Cathaysia Blocks. The late Neoproterozoic to Phanerozoic records of crustal evolution of the craton involved periods of sediment accumulation interspersed with pulses of deformation and magmatism; the latter focused in the Cathaysia Block. The tectonic setting of the craton during this time period and in particular whether orogenic activity was situated at sites of oceanic subduction or in an intracontinental setting, removed from any plate margin, have been much debated [Guo et al., 1989; Chen et al., 1995 Chen et al., , 2010 Wang et al., 2010 Wang et al., , 2013a Zhao and Cawood, 2012; Cawood et al., 2013; Charvet, 2013; Shu et al., 2014] .
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The identification of ophiolitic rocks of inferred Early Paleozoic age in the Cathaysia Block [Guo et al., 1989; Wang and Mo, 1995] was interpreted as evidence for subduction and accretion of an oceanic plate forming the Wuyi and Yunkai orogenic belts [Guo et al., 1989 ] that was subsequently reworked in a welldeveloped fold-thrust system during the Early Mesozoic [Xiao and He, 2005] . Kyanite-bearing pelitic schists/gneisses were identified in the northern Cathaysia Block, which experienced pressures of up to 10 kbar [Zhao and Cawood, 2012] . Hence, the Cathaysia Block was considered to represent a continent-continent collisional belt along which the South China Craton collided with an unknown continental block that was later removed by rifting [Zhao and Cawood, 2012] .
Integrated investigations in the past decade suggest that previous convergent plate models do not adequately explain the tectonic setting of Cathaysia. These new data include the fact that almost all basaltic layers in the Early Paleozoic strata have been redefined as metagraywacke [Shu, 2006; Shu et al., 2008a Shu et al., , 2014 Xiang and Shu, 2010; Yao et al., 2011] , and gabbro samples from ophiolitic rocks previously considered as Early Paleozoic yielded zircon U-Pb ages of 850-800 Ma [Li et al., 2005 Shu et al., 2006 Shu et al., , 2011 . Stratigraphically, a two-stage stable depositional environment can be recognized in the Paleozoic: a sandy-muddy sequence that accumulated in the Cambrian to Late Ordovician [Chen et al., 1995 [Chen et al., , 2012 Wang et al., 2010; Shu et al., 2014] , and a carbonate sequence that formed in the Carboniferous to Early Triassic [Shu et al., 2008b; Shu, 2012] . Silurian and Middle Triassic strata are absent in the Cathaysia Block. Ophiolite, volcanic rock or high pressure/low temperature (LT) metamorphic rock has not been found in the Paleozoic strata of the Cathaysia Block. Hence, the subduction or collision models of plate margin interaction [Guo et al., 1989; Hsü et al., 1990] are not supported by currently available data.
Granitoids and ductile deformed Proterozoic to Early Paleozoic country rocks are widespread in the Cathaysia Block and include more than 200 pre-Jurassic plutons exposed over an area of 25,000 km 2 [Zhou et al., 2006; Shu et al., 2008a; Wang and Shu, 2012] . However, the petrogenesis of granitic plutons and the ages of ductile deformation are still unclear with only rare isotopic age data available for constraining the timing of deformation. Whether the granitic magmas were generated prior to, or coeval with deformation, remains equivocal.
In this paper, we present geologic, structural, geochemical, and laser ablation inductively coupled plasmamass spectrometry (LA-ICP-MS) zircon U-Pb and Hf isotopic data of granitic plutons and 40 Ar/ 39 Ar analyses on muscovite and biotite from deformed granites and mylonitic country rock. Our results document two episodes of tectonomagmatic activity and provide constraints on the magma sources associated with the evolution of the Cathaysia Block during the Paleozoic and Mesozoic.
Geological Setting
A series of convergent plate margin accretionary rocks dated between 930 and 800 Ma constitute the Jiangnan Orogen and delineate the assembly of the Yangtze and Cathaysia Blocks into the South China Craton. The northeast striking Shaoxing-Pingxiang fault zone, marks the northwestern boundary of the Cathaysia Block and its eastern boundary extends beyond the eastern shoreline of mainland China (Figure 1 ). Three belts (Wuyi, Jinggang, and Nanling) ( Figure 1 ) are exposed in eastern Cathaysia. The Wuyi Belt is characterized by high-grade metamorphic assemblages of Paleozoic and Neoproterozoic rock units Xu et al., 2014] with almost no Early Paleozoic units, whereas the Jinggang and Nanling belts contain only Neoproterozoic and Early Paleozoic strata. Two pre-Devonian lithotectonic units comprising the low-grade metamorphic rocks and basement, respectively, have been recognized in these belts [Faure et al., 2009; Shu et al., 2014] .
The low-grade metamorphic unit is composed of a late Neoproterozoic (Sinian) to Ordovician sandstonemudstone slate sequence [Shu, 2006; Shu et al., 2008a; Wang et al., 2010; . The basement unit is represented by early Neoproterozoic sandstone, mudstone, and volcanic rocks (basalt, basaltic andesite, rhyolite, and volcanoclastic rock) in the Jinggang-Nanling area and Paleoproterozoic granites, sedimentary, and basaltic rocks in the Wuyi domain [Li, 1997; Yu et al., 2009] , which were later metamorphosed into schist, amphibolite, gneiss, and orthogneiss [Zhao and Cawood, 1999] .
Early Paleozoic sedimentary facies extend across South China with the Cambrian to Ordovician succession ranging from carbonate sequences in the Yangtze Block to carbonate-siliceous sequences in the region of the Jiangnan orogen and graptolite-bearing sandy-muddy sequences in the Cathaysia Block displaying a >1000 km wide stable depositional environment ranging from platform margin to slope [Chen et al., 1995 [Chen et al., , 2012 Shu et al., 2008a Shu et al., , 2014 Wang et al., 2010; Rong et al., 2012] . A regional-scale tectonomagmatic event took place in the Cathaysia during the Early Paleozoic [Ren and Chen, 1989; Ren et al., 1990; Ren, 1991; Li et al., 2010; Xu et al., 2011; Zhang et al., 2011 . This event triggered folding, thrusting (cross-section Figure 1 ) and large-scale crustal anatexis with the emplacement of granites and lower greenschist facies metamorphism constituting the South China Fold Belt.
Since the Middle or Late Devonian, the entire South China region evolved into a more stable littoral-neritic depositional environment , characterized by Brachiopoda-, coral-, and Fusulina-bearing carbonate depositional platform containing limestone, dolomite, black chert, and minor sandstone and mudstone [Shu et al., 2008b] . In the Triassic, further tectonomagmatic activity affected the region with almost all pre-Triassic rocks incorporated into a regional fold-thrust system (cross-section C-D, Figure 1 ). Peraluminous granites were emplaced, mainly in the Nanling belt (Figure 1 ) at 240-200 Ma [Zhou et al., 2006; Wang et al., 2007b Wang et al., , 2014 . Pre-Mesozoic deformation structures are unconformably overlain by the Late Triassic coarse-grained clastic rocks (cross-section C-D, Figure 1 ), suggesting that the South China region was intensely reworked by Early Mesozoic tectonism and magmatism. Further igneous activity occurred in the Late Mesozoic and is dated at 140-100 Ma, extending over the 200-400 km wide southeast China coastal complex zone (Figure 1 ) Zhou et al., 2006; Li et al., 2012; Wang and Shu, 2012] . This magmatic event is attributed to NW directed subduction of the Pacific plate beneath East Asia in the Late Mesozoic.
Field Occurrence and Sample Description
Samples With Ductile Deformation Structures
Three phases of ductile deformation have been identified in pre-Mesozoic rocks of the Cathaysia Block. The first phase (D1), recognized in the Wuyi and Jiuling belts, is marked by recumbent folds with sub-E-W trending axial planes in the Neoproterozoic strata. Contemporaneous southeast directed thrusting is developed in the Jiangnan Orogen [Charvet et al., 2010] .
The second phase (D2) is developed throughout pre-Devonian strata in Cathaysia and is characterized by macroscopic flexural slip folds with tight to isoclinal profiles and sub-E-W trending axes (cross-section A-B, Figure 1 ). Folding was accompanied by regional-scale ductile thrusting that yielded mylonitic rocks with shear foliation and a stretching lineation plunging 40-50°to the southeast in the NW Cathaysia and plunging 50-60°to the northwest in the SE Cathaysia. D2 is the dominant deformation event in Cathaysia.
The third phase (D3) is characterized by a late reworking displayed in gentle folds with a NE trending axial plane that partially overprinted preexisting D2 structures. Near or along the northwestern boundary of the Cathaysia Block, well-developed strike-slip structures with subvertical foliation and subhorizontal stretching lineation cut ductile thrusting structures of the first two phases of deformation. On the southern slope of the Jiuling Mountains, D3 deformation is characterized by symmetric upright folds with subvertical axial planes and subhorizontal hinge lines that are associated with south verging faulting (cross-section C-D, Figure 1 ).
To constrain the timing of deformation, six mica samples were collected for 40 Ar/ 39 Ar dating from muscovite schist, two-mica granite, deformed K-granite, and orthogneiss in different locations (Figure 1 ). Petrologic features of the samples are given in Figure 2 and Table 1 .
Granitoids
Three types of granitoids can be distinguished on the basis of modal abundance of the rock-forming minerals: K-feldspar granite, muscovite-biotite granite, and monzonite granite. The K-feldspar granite (Figures 2a and 2b ) is characterized by high alkali-feldspar content (55-60% microcline, orthoclase, and perthite). These plutons often occur within a domal structure with development of mylonitic foliation and stretching lineation around its margin. The muscovite-biotite granite (Figures 2c and 2d ) is mica enriched (~5-10% muscovite and 10-15% biotite), and the monzonitic granite (Figures 2e and 2f ) consists of albitic plagioclase (15-25%), alkali-feldspar (30-35%), quartz (25-35%), biotite (10-15%), and muscovite (1-3%). Most granites show chilled margins composed of microcline and quartz grains.
Two phases of granitoid magmatism can be established from field relations. In the first, granites cut metamorphosed Neoproterozoic to Ordovician rocks and are unconformably overlain by the Middle to Upper Devonian coarse-grained clastic rocks . During the second phase, granitic bodies intruded the Late Paleozoic sedimentary rocks and the older granites. Several dome-forming granitic plutons display distinct zoning with massive granite in the core, gneissose granite (orthogneiss) in the middle, and mylonitic rocks around the margin, indicating a deformed process of falling temperatures. The granites in different zones have similar crystallization ages and geochemical compositions , suggesting coeval magmatism from the same source. The gneissosity in the midway region between the core and rim is defined by mylonitic foliation with a weak stretching lineation. This fabric and the magmatic foliation within the pluton are parallel and similar to the trends of the mylonitic foliation with a well-developed lineation on the margin of pluton and with the schistosity in the surrounding metamorphic rocks [Charvet et al., 2010; Zhang et al., 2011; Shu et al., 2014] . These features suggest magmatism was synchronous with Early Paleozoic and Early Mesozoic metamorphism and deformation in Cathaysia.
Six samples, three from the Early Paleozoic and three from the Early Mesozoic intrusions were collected for zircon U-Pb dating and in situ Lu-Hf isotope analysis. Thirteen granitic samples (six from the Early Paleozoic and seven from Early Mesozoic granites, including the six collected for isotopic analysis) were analyzed for major, rare earth element (REE) and trace elements. The sampling localities are shown in Figure 1 . GPS locations and petrological features of the samples are listed in Table 1 .
Analytical Procedures and Results
Geochemical Analysis
The major element compositions were determined using a VF-320 X-ray fluorescence spectrometer at the Center of Modern Analysis (Nanjing University). FeO contents were analyzed by wet chemistry. Analytical uncertainties were estimated to be better than 5% for major elements following the analytical procedure described by Franzini et al. [1972] . The concentrations of rare earth and other trace elements were analyzed using a Finnigan MAT Element II-type ICP-MS at the State Key Laboratory for Mineral Deposits Research (Nanjing University). The working conditions and analytical procedures are described by Gregoire [2000a, 2000b] . The analytical precision for most elements is better than 5%. The chondrite values [Sun and McDonough, 1989] are used as the representation of the REE patterns, whereas the primitive mantle values [McDonough and Sun, 1995] are used to construct the multielement spidergrams. The analytical results of major, REE and trace elements are listed in Table S1 in the supporting information.
LA-ICP-MS Zircon U-Pb Dating
Zircon grains for U-Pb dating were separated using conventional techniques of heavy liquid and magnetic separation, followed by handpicking under a binocular microscope. The zircon grains were mounted in epoxy resin and polished. Cathodoluminescence (CL) images of the zircons were obtained using an electron microscope (Quanta 400 FEG) with a Mono CL3+ (Gatan, USA) at the State Key Laboratory of Continental Dynamics in the Northwest University, Xi'an.
Zircon U-Pb isotopic analyses were performed using an Agilent 7500a ICP-MS attached to a New Wave 213 nm laser ablation system with an in-house sample cell, at the State Key Laboratory for Mineral Deposits Research, Nanjing University. During the analyses, a laser beam spot size of~30 μm in diameter and a laser frequency of 5 Hz and 60% energy were used. The U-Pb fractionation has been corrected by zircon standard GEMOC GJ-1 ( 207 Pb/ 206 Pb age of 608.5 ± 1.5 Ma) [Jackson et al., 2004] , and accuracy was controlled using the Mud Tank zircon standard (an intercept value of 732 ± 5 Ma) [Black et al., 2003] . The analytical procedure in this study is similar to those described in Griffin et al. [2004] , Wang et al. [2010] , and Ma et al. [2012] . U-Th-Pb age calculations and concordia diagrams were made using the ISOPLOT/Ex program (version 2.49) [Ludwig, 2001] . Weighted mean 206 Pb/ 238 U ages are quoted at 1σ error with 95% confidence level. The results of zircon U-Pb dating are listed in Table S2 .
In Situ Lu-Hf Isotope of Zircons
In [Griffin et al., 2002] , the T DM2 relative to average continental crust was chosen only when the εHf(t) values are notably negative. The analyzed Lu-Hf isotopic compositions are listed in Table S3 .
Mica 40 Ar/ 39 Ar Dating
Separates for 40 Ar/ 39 Ar dating of muscovite and biotite from deformed granite and mylonite were prepared by handpicking the sieve fraction under a binocular zoom microscope and subsequent ultrasonic cleaning in demineralized water. Pure and fresh mineral fractions were wrapped in Al foil cylinders and then together with neutron flux monitors (LP-6 biotite) were irradiated in VT-C position at the Tsing-Hua Open-Pool Reactor for 30 h at Tsing-Hua University, Taiwan. 40 Ar/ 39 Ar analysis was conducted at the National Taiwan University.
Step heating was [Rickwood, 1989] , and (c) Shand's index Al/(Na + K) vesrus Al/(Ca + Na + K) plots [Maniar and Piccolli, 1989] . Ar results for the mica minerals are listed in Table S4 .
Results
Geochemical Characteristics
The major element compositions of 13 granitic samples are similar with high SiO 2 (72.96-75.03%), Al 2 O 3 (13.31-14.53%), and K 2 O (4.23-5.72%). K 2 O is higher than Na 2 O (2.56-3.12%), and the A/CNK (Al 2 O 3 /CaO +Na 2 O+K 2 O) MOL values show a range of 1.1-1.3 (Table S1 ), establishing the strongly peraluminous S-type nature of the samples (see also Figure 3c ). On the SiO 2 versus Na 2 O+K 2 O diagram [Cox et al., 1979] , all samples fall in the granite field (Figure 3a) , whereas on the SiO 2 versus K 2 O diagram [Rickwood, 1989] , six Early Paleozoic granitic samples plot in the shoshonitic series, whereas the seven Early Mesozoic granitic samples fall in the high-K calc-alkaline series (Figure 3b ).
The rocks show high total rare earth elements (REEs; 335-374 ppm) (Table S1 ) with (La/Yb)n around 7.8-13.3 (mean of 13 analyses is 10.4) and exhibit light REE-enriched patterns (Figure 4) , with a marked negative Eu anomaly (average Eu/Eu* of 0.6) for chrondite normalized values (Figure 4a and Table S1 ) [Sun and McDonough, 1989] . On primitive mantle-normalized spidergrams (Figure 4b ) [McDonough and Sun, 1995] the samples show distinct Ba, Sr, Nb, and Ti negative anomalies, typical of granitic rocks derived from upper crustal source [Pearce et al., 1984; Pearce, 1996] . Nb/Ta values range from 5.3 to 10.6 (average 7.9), consistent with the geochemical features of crustal-derived granite [Pearce et al., 1984; Pearce, 1996] . Zr/Hf is around 25.2-36.9 (average 28.6); with the Early Paleozoic granites showing relatively lower values. All Th/U values are greater than 0.5 (average 1.3), consistent with the magmatic origin of zircons in these rocks.
On tectonic discrimination diagrams, the samples plot either in the postcollision (Figure 5a ) or the late and postcollision (Figure 5b ) fields.
Zircon U-Pb Dating
Zircons analyzed in this study range in length from 100 to 160 μm, and with length/width ratios of about 2:1. They show variable abundance of Th (86-1313 ppm) and U (168-714 ppm), and high Th/U ratios (from 0.51 to 1.84) ( Table S2 ). Most of the zircons display oscillatory or linear zoning in the CL images (Figure 6 ), indicating Table S2 for individual analyses, corresponding isotopic ratios and ages. (Figure 7a ), 416.6 ± 3.9 Ma (n = 21, MSWD = 1.9) (Figure 7b ), and 421.0 ± 3.0 Ma (n = 23, MSWD = 1.4) (Figure 7c ), respectively. The ages are interpreted to represent the crystallization age of these rocks.
Zircons from the Shatianwan (sample 1212), Wenshao (114), and Tangjiawan (1225) (Figure 7f ), respectively. The dated grains show oscillatory zoning and a euhedral shape (Figures 7d-7f) , and their age range of 230-215 Ma is interpreted as the best estimate of the crystallization age of these plutons. (Table S2 ), define five peaks that correspond to polyphase crustal evolution of the Cathaysia basement. These older age data suggest that the Cathaysia basement might be a principal source of the granites, although geological and magmatic records for the interval circa 600-550 Ma are currently sparse in Cathaysia.
In Situ Zircon Lu-Hf Isotopes
Lu-Hf isotopic data for the six granitic samples (three for Silurian and three for Triassic) are similar (Table S3 ). All samples show negative εHf(t) values, with a mean of À4.9 to À6.8. Their average two-stage model ages either the Silurian or Triassic granites were derived from the reworking of the Cathaysia crust with Paleozoic and Mesoproterozoic ages and that the involvement of a mantle component was insignificant.
Mica 40 Ar/ 39 Ar Dating Results
The 40 Ar/ 39 Ar analytical results are shown in Table S4 and plotted as age spectra in Figure 9 . The errors are quoted at 2σ deviations. We define a plateau age if more than 75% of 39 Ar is released in at least three or more contiguous steps, the apparent ages of which agreed to within 2σ of the integrated age of the plateau segment. In most cases, however, only pseudoplateau ages can be obtained because the released 39 Ar is only 75% or less.
Two muscovite samples (nos. 414 and 664-2) were collected from mica schist (Figures 2g and 2h ) of the ductile sinistral strike-slip zone located in the northern Cathaysia (Figure 1) , and another muscovite sample 438-2 was taken from orthogneiss in the southeastern Cathaysia. The muscovite grains of three samples appear as scaly grains, parallel to the stretching lineation, indicative of a neoblastic origin related with ductile deformation [Charvet et al., 2010] . The 40 Ar/ 39 Ar analyses show considerable variation at lower temperature (LT) stages (Table S4 ). The degassing during middle-to high-temperature steps (800-1150°C for sample 664-2, 800-1200°C for 438-2, and 1020-1200°C for 414) display broadly consistent apparent ages and 38 Ar Cl / 39 Ar K ratios. The corresponding gas compositions of these stages yield three pseudoplateau ages of 231.6 ± 0.3 Ma, 307.9 ± 0.7 Ma, and 234.4 ± 0.5 Ma (Figures 9a-9c ), respectively. The isotopic data from these stages yield a well-defined regression line, with the corresponding initial ( 40 Ar/ 36 Ar) i values (284 ± 32 for sample 664-2, 246 ± 90 for 438-2, and 217 ± 84 for 414) plotting in the field of the atmospheric composition, but with high uncertainties.
Similarly, three newly grown biotite samples were collected from granites (nos. 704-1 and 1106-2) and biotite schist (1106-4) in which neoblastic biotites align along the dip-slip stretching lineation. Sample 704-1 is a deformed monzonitic granite in the SW Jiangshan, sample 1106-2 is a deformed K-granite in the eastern Pingxiang, and sample 1106-4 is a mica schist in the NE Hengyang ( Figure 1 and Table S4 ). Three stepwise age spectra show relatively flat segments at high-temperature stages (~800 to~1400°C), and three pseudoplateau ages can be obtained at 432.7 ± 0.9 Ma (sample 704-1), 427.7 ± 0.8 Ma (sample 1106-2), and 430.6 ± 0.9 Ma (sample 1106-1) (Figures 9d-9f ). The initial ( 6. Discussions
Source and Petrogenesis of the Early Paleozoic and Early Mesozoic Granitic Magma
The Early Paleozoic and Early Mesozoic granitoids in the studied areas were previously considered to be generated from Proterozoic to Early Paleozoic volcanic rocks with input of mantle material [Wu, 2005] . Our new data indicate that these granitic rocks are characterized by (1) abundant K-feldspar phenocrysts, enrichment of muscovite and the occurrence of tourmaline (Table 1) [Wang et al., 2007a Zhang et al., 2011] , we consider that both the Silurian and Triassic granites were derived from the partial melting of Paleozoic and Mesoproterozoic basement rocks.
A recent study reported circa 409 Ma gabbros from a mafic-felsic complex in the SW Jiulingshan domain (Figure 1 ) of the southeastern Yangtze Block. The gabbros are considered to be formed by magma mixing and mingling, in which the mafic member originated from a metasomatized lithospheric mantle during the Silurian, and are interpreted to be generated through intracontinental postorogenic collapse [Zhong et al., 2013] . The generation of the mafic source magmas in the Yunkai domain of the Cathaysia Block has been correlated to late Mesoproterozoic to early Neoproterozoic asthenospheric sources metasomatised by slab-derived fluids during asthenospheric upwelling in the Paleozoic, leading to the partial melting of the continental lithospheric mantle [Wang et al., 2013b] . Thus, we suggest that the granitic magmas in the study area were generated mainly by partial melting of continental basement with little or no mantle contribution. 
Two Phases of Ductile Deformation and Kinematics
Regional-scale folding during Early Paleozoic time was in many places accompanied by intensive thrusting and ductile shearing, which define the major structural pattern of the South China Fold Belt. Various fold structures (overturned, asymmetric, chevron, recumbent, and sheath), thrust sheets, and mylonitized zones are widely developed in the pre-Devonian domains [Shu et al., 1997 [Shu et al., , 2008a Li et al., 2010; Charvet et al., 2010; Xu et al., 2011; and this study] . The predominant axial traces are sub-E-W trending. Contraction of 53% (an average from 11 different localities) has been determined by analysis of chevron folds in schist and gneiss rocks (this study). Loading associated with thrusting and crustal thickening led to the development of a flexural foreland Charvet et al., 2010] followed by a northwestward closure of the marine basins through the Late Ordovician-Silurian period [Rong et al., 2003 [Rong et al., , 2010 [Rong et al., , 2012 .
The stereoplots of 112 measurements on lineation and foliation in the ductile zones in the Cathaysia Block are reported in this study. Southeastern Cathaysia shows that the best development of a mylonitic foliation, which dips at 56°toward 340°with a lineation that plunges at 52°to 325° (Figure 10g) . In northwestern Cathaysia, the mylonitic foliation dips 52°to 165°and the lineation plunges 44°to 170° (Figure 10h ). These orientations imply dip-slip type ductile shearing. Various asymmetric fabrics (quartz or feldspar augens, mica fish structure, and sigmoidal quartz pressure shadows around clasts) in the XZ plane of mylonite indicate a top-to-the-southeast sense of shearing (Figures 10a and 10b ) in the southeastern Cathaysia Block, and a top-to-the-northwest sense of shearing in the northwestern Cathaysia Block (Figures 10c and  10d) , constituting a doubly vergent orogenic system.
In the Late Paleozoic strata, asymmetric folds and mylonitic rocks are widely developed along the sub-E-W trending Shaoxing-Pingxiang fault zone. A strike-slip-type ductile deformation displays a steep foliation and subhorizontal lineation. The mylonitic foliation dips 72°toward 190°, and the stretching lineation plunges 18°to 260° (Figure 10i ). Abundant kinematic indicators (asymmetric porphyroclastic grains and asymmetric quartz augens) indicate a sinistral strike-slip sense of shear (Figures 10e and 10f ). This phase of deformed structures cut the earlier dip-slip shearing fabrics in areas near the northern boundary of the Cathaysia Block.
Significances of Mica 40 Ar/ 39 Ar and Zircon U-Pb Ages
The 40 Ar/ 39 Ar data on newly grown biotites from deformed K-granites and biotite schist occurring along the Shaoxing-Pingxiang fault zone show pseudoplateau ages of 433-428 Ma (Figures 9d-9f ). These ages are preserved in the middle-to high-temperature steps with approximately the same initial ( 40 Ar/ 36 Ar) i values as the atmosphere, indicating that these samples are free from excess argon. Thus, these ages can be used to constrain the cooling age of the newly grown biotite, and therefore the timing of the ductile shearing/metamorphism of the deformed granite and mica schist.
Another three samples of newly grown muscovite collected from the mylonite, deformed K-granite, and muscovite schist included two samples along the Shaoxing-Pingxiang sinistral strike-slip zone and one from the Zhenghe-Dapu fault zone. The 40 Ar/ 39 Ar data on mylonitic samples (232 ± 0.3 Ma and 234 ± 0.5 Ma) (Figures 8a and 8c) Ar) i values are comparable with that of the atmosphere, and the nature of occurrence of the muscovite indicates that the mylonitization terminated at~230 Ma. In contrast, the muscovite grains from the sample 438-2 (Figure 8b) Ar) i values with high uncertainties at the high-temperature steps, and the corresponding pseudoplateau age (307.9 ± 0.7 Ma) could be caused by excess Ar; thus, it is geologically meaningless.
Most of the zircons analyzed in this study display oscillatory zoning structure suggesting a magmatic origin [Hoskin and Black, 2000] with their concordant 206 Pb/ 238 U ages indicating granitoid emplacement around 420 Ma (Table S2 and Figures 7a-7c ). This age overlaps with mica 40 Ar/ 39 Ar ages in deformed K-granites, suggesting that the granitic emplacement was coeval with regional deformation and metamorphism ( Figure 9 ). Their negative εHf(t) values (Figure 8 ) of zircons support crustal melting origin.
Three granitoid samples collected from widely separated localities (the NW boundary of Cathaysia and the Jiangnan and Nanling belts) all display similar ages around 220 Ma (Figures 8d-8f) indicating the largescale emplacement of coeval granitoids in the Early Mesozoic as have been proposed by Wang et al. [2014] . In these areas, neither large-scale Late Paleozoic to Early Mesozoic oceanic fragments nor a 
Tectonic Setting of Orogenic Events
Plate margin convergent orogens (either collisional or accretionary) and intraplate orogens constitute the major types of orogenic belts [Cawood et al., 2009] . Some accretionary orogenic events are followed by juvenile crust and basin development [Kapp et al., 2005 [Kapp et al., , 2008 . Intraplate orogens occur in regions far removed from active plate boundaries [Cawood and Buchan, 2007; Cawood et al., 2009; Aitken et al., 2013; Raimondo et al., 2014] in contrast with subduction-accretion and collisional orogens. The Neoproterozoic and Phanerozoic history of central Australia [Hand and Sandiford, 1999; Scrimgeour and Raith, 2001; Buick et al., 2005 Buick et al., , 2008 Raimondo et al., 2010] and the Cenozoic Tianshan belt (central Asia) [Zhao et al., 2003; Omuralieva et al., 2009; Steffen et al., 2011] are examples of intraplate orogens. Whether the orogenies of the Cathaysia Block during the Paleozoic were related to oceanic subduction or to an intraplate setting is unresolved. In some geodynamic reconstructions, the Cathaysia Block is located close to a plate boundary and next to the Australian continent [Gray and Foster, 2004; Li et al., 2010; Domeier and Torsvik, 2014] . Kyanite-bearing pelitic schists (not yet dated) and recording pressures up to 10 kbar occur in northern Cathaysia and are considered as evidence for continent-continent collision [Zhao and Cawood, 2012] .
The Early Paleozoic and Early Mesozoic granitoids in South China are characterized by reworking of Proterozoic basement units with little or no input of a juvenile, mantle component. Geochemically, the Early Mesozoic granites are relatively more enriched in K, Si, and Al and lower in CaO content than those in the Early Paleozoic (Table S1) , showing an evolutionary trend of continental crust with time, with the Early Paleozoic granitic crust evolving toward higher K, Al, and Si. Correspondingly, the Early Mesozoic granites were derived from slightly younger sources with negative εHf(t) values (average À5.4) and twostage Hf model ages (average 1.64 Ga) in comparison with the Early Paleozoic ones with negative εHf(t) values (average À6.2) and Hf model ages (average 1.84 Ga) (Table S3 and Figure 8 ).
Paleozoic rocks in Cathaysia deviate from those typical of global subduction-accretion belts. These differences include: (1) lack of ophiolite, arc-type volcanic rocks and syntectonic high-pressure metamorphic rocks; (2) thick sedimentary successions that lack turbidite sequences; (3) Hf isotopic data showing that both the Silurian and the Triassic plutons were derived from partial melting of ancient crustal rocks with minor input of mantle-derived components; and (4) the >1000 km wide continuity of Early Paleozoic sedimentary sequences across Cathaysia and into the Yangtze with progressive changes in facies and no evidence for intervening continental margin assemblages [Chen et al., 1995 [Chen et al., , 2012 Shu et al., 2008a Shu et al., , 2014 Wang et al., 2010] . In addition, the Cathaysia Block in the Paleozoic was located inboard, far away from an active margin [Zhou et al., 2006; Li et al., 2010; . Therefore, both the late Ordovician-Silurian and the Middle to Late Triassic fold-thrust zones in South China do not form part of subduction-accretion-type or subduction-collision-type orogens but likely represent an intracontinental orogen due to remote effects of plate convergence Li et al., 2010; Faure et al., 2009; Charvet et al., 2010] , like those in central Australia [Raimondo et al., 2010] , the Damara Orogen of SW Africa [Nex et al., 2001] , and the Tianshan [Zhao et al., 2003] .
Doubly vergent thrusting can develop in convergent subduction [Schneider et al., 1999] or in intraplate settings [Raimondo et al., 2014] . Both types are associated with syntectonic magmatism, such as the western and eastern syntaxes of the Himalayas [Treloar et al., 2000] and the Alice Springs belt in central Australia [Raimondo et al., 2014] . Hence, doubly vergent thrusting does not provide a unique argument for an intraplate orogenic setting of Cathaysia in the Early Paleozoic. We presume in this study that the doubly vergent thrusting was triggered by the underthrusting or subduction of the suspected East China Sea block and of the SE Yangtze continent beneath the Cathaysia Block.
Deformation and magmatism in the Early Mesozoic in South China have been attributed as a response to the collision of the South China and North China Cratons along the Dabie-Sulu belt in the north [Yin and Nie, 1993; Nie et al., 1994; Faure et al., 2009] , to the collision of South China and Indochina plates in the southwest [Lepvrier et al., 2004 [Lepvrier et al., , 2008 , or to northwestward subduction of the plaeo-Pacific plate . Recently, regionally significant 243-220 Ma 40 Ar/
39
Ar mica and hornblende plateau, and sensitive highresolution ion microprobe U-Pb titanite ages were obtained from rocks in Korea [de Jong and Ruffet, 2014a, 2014b; de Jong et al., 2014] . These authors suggest that these ages are the result of a collisional event between the Japanese microplate and the East Asian continental margin in the Late Triassic [de Jong et al., 2009; Kim and Ree, 2013] . These subduction-related collision events around Cathaysia may lead to far-field intraplate tectonomagmatism in the Cathaysia Block.
Geodynamic Evolution of the South China Craton From the Middle Neoproterozoic to Early Mesozoic
Integration of data presented here with spatially and temporally available regional data from across South China enable the development of geodynamic model for its Neoproterozoic to Early Mesozoic history. Following the collision of the Yangtze and Cathaysia Blocks at 860-800 Ma [Cawood et al., 2013; Yao et al., 2014] (Figure 11a ), late Neoproterozoic regional-scale extension across the assembled South China lead to (Figure 11b ) that contain bimodal volcanic rocks dated at 800-690 Ma [Wang and Li, 2003] . The Cathaysia Block was split into several subblocks, including the Yunkai, Nanling, and Wuyi, and subsequently several shallow sea basins developed in the regions between these subblocks [Shu, 2006 [Shu, , 2012 . The Cathaysia Block evolved into a stable siliciclastic depositional environment (neritic-bathyal sea basin or trough) in the Sinian to Early Paleozoic (690-460 Ma) (Figure 11c) , with the absence of volcanic rocks and any evidence for input of mantle-derived components.
Since the late Ordovician, northwestward subduction of the inferred East China Sea block [Ren, 1964; Ren et al., 1990] beneath the southeastern Cathaysia Block led to strong southeast verging thrusting and amphibolite-to granulite-facies metamorphism (but not dated) in the middle to lower crust [Zhao and Cawood, 2012] . Meanwhile, along the Shaoxing-Pingxiang fault zone, a coeval neritic-bathyal sea block ("Pingxiang sea block") in the southeast Yangtze area was underthrust southeastward beneath the northwestern Cathaysia Block . This event is reflected by the northwest verging thrusts of the Cathaysia Block. The timing of this event is constrained by newly grown mica grains dated by 40 Ar/ 39 Ar analyses at 430-390 Ma [Shu et al., 1999; Charvet et al., 2010; this study] . The interaction between Cathaysia and surrounding blocks in the Early Paleozoic event resulted in the large-scale doubly vergent tectonic system. This event was followed by anatexis and emplacement of granitic magma dated at 460-390 Ma [Shu, 2012] (Figure 11d ). The Middle to Late Devonian angular unconformity and the thick coarse-grained clastic sequence [Shu, 2006] provides additional evidence for Early Paleozoic orogeny.
In the Late Paleozoic (390-240 Ma), South China was characterized by a stable littoral-neritic depositional environment [Shu et al., , 2008b (Figure 11e ) resulting in the accumulation of limestone, dolomite, and clastic rocks, with a rich flora and fauna. Since the late Middle Triassic (Ladinian) (about 240 Ma) [Cohen et al., 2013] , the region underwent further strong deformation involving large-scale folding and thrusting of pre-Triassic strata and upwelling of peraluminous granitic magma [Wang et al., 2015] ( Figure 11f ). These deformation and magmatic events are likely a response to the collisions of the South China and North China Cratons in the North and of South China and Indochina plates in the southwest; the flat-slab subduction of the Pacific plate provides a possible trigger . They are also considered as a response to the assembly of the Pangea supercontinent in the East Asian region [Zhao et al., 2006; Zhao and Cawood, 2012] Tables S2-S4 in the supporting information, respectively. This paper has benefited from the perceptive comments of journal reviewers P. Kapp and K. de Jong, two anonymous reviewers, and G.C. Zhao and S.Z. Li. We express our gratitude to P. Kapp and K. de Jong for their constructive suggestions and extensive annotations throughout the manuscript, which led to major improvements of the manuscript. We acknowledge financial supports provided by the National Basic Research Program of China (973 program, 2012CB416701), National Natural Science Foundation of China (41330208 and 41272226), and the Bureau of China Geological Survey (201211093-1). The paper also contributes to the 1000 Talent Award from the Chinese Government to M. Santosh. 
